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Preface

Field work at Kwajalein Missile Range under the Minuteman Natural Hazards
Program was conducted from 17 July through 24 August and 9 September through
14 October 1874, During these periods weather data support was provided for
three clear-air tests, 'These were the SAC OT -45 on 17 August, the Minuteman
PFM-8 on 5 October, and the ABRES RVTO on 14 October, Because of the simi-
larity of the weather criteria for these missions, the evaluations of the reentry
weather are combined in this report,

The field support included representatives of SAMSO/MN; SAMTEC/WE;
6th Weather Wing; AFSWC; AFCRL Meteorology Laboratory; TRW Systems Group;
Meteorology . 3search, Inc.; Scier.ce Applications, Inc.; Particle Measuring
Systems, Inc,;andAlpine Air Charter, SAMSO/TRW was responsible for the overall
planning and operation of the weather program.  The roles of the other organiza-
tions are described in our report. MRI was responsible for the operation of the
instrumentation on the Citation aircraft (except the holographic camera), and
readers interested in more details of the equipment or data than are presented
here are referred to the MRI final reports for OT-45 and I-"VM-8.2’3 The

1. Wilmot, R.A., Cisneros, C.E., and Guiberson, F,L, (1974) High cloud mea-

surements applicable to ballistic missile systems testing, 6th Conf, Aerosp,
and Aeronaut, Meteor., Amer, Meteor,Soc., pp 194-199,

2. Jahnsen, L.J., and Heymsfield, A.J. (1975) Final Report of OT -45 Mission -
Weather Measurements and Analysis of Citation Cloud Particle Tnstrumen-
tation, MRI75 FR- 13 14, Meteorology Research, Inc,, Altadena, Califl.

3. Jahnsen, L.J., and Hey%xsheld. A,J. (1975) Final Report of PVM-8 Mission ~
Weather Measurements and Analysis of Citation CToud Particle Tnstrumenta-
tion, MRI 75 FR-1283, Meteorology Research, Inc,, Altadena, Calif,
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holographic camera is described in the SAI final report4 and in a special MRI
report, 5
Reports prepared to date in the AFCRL/Minuteman Series are as follows:
1, Aircraft and radar weather data analysis for PVM~6 (AFCRL-TR-74-0627,
23 December 1974), BOOYK 290, ‘
2. Final report of PVM~4 and PVM-3 weather documentation (AFCRL-TR -
75-0097, 14 February 1375), poo¥ 4274
3, Final report of STM~-8W weather documentation (AFCRL-TR~75-0207,
11 April 1975), R 006 (&bl :
4. Final report of PYM-5 weather documentation (AFCRL-1R-75-0302,
28 May 1976), BOoL 4Le7b

4, Trolinger, J.D., Farmer, W,M,, and Clayton, F, P, (1974) Development
and Application of an Airborne Holography System and Particle Sizin
Interferometer, SAI-74-511-TT, Science Applications, Inc., La Jolla, Calif,

5. Jahnsen, L.J. (1975) Utilization of SAMSO Airborne Holocamera for Cloud
Physics Measurements, MRI 75 FR-1331, Meteorology Research, Inc.,
Altadena, Calif.
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Final Report of OT-45, PYM-8, and
RVTO Weather Documentation
AFCRL/Minuvteman Report tNo. 5

1. INTRODUCTION

The OT -45 mission was launched on .7 August 1974, with reentry near Kwa-
jalein Atoll at 16512, The Minuteman PVM-8 mission was launched on 5 Cictober
1874, with reentry at 0641Z, and the RVTO m:i22ion was launched on 14 October
1974 with reentry at 0417Z, The, "minimum waather" criterion for each of these
missions was satisfied, This report describes the weather data acquisition plan
and presents our final determination of the water content profiles encountered by
the reentry vehicles, Data from various meteorological sensors are presented to
provide further details on the weather in the vicinity of the target areas,

Descriptions of each of the sensors are included in this report with the presen-
tations of data in the following sections. The locations of the various supporting
facilities are shown in Figure 1. The NWS rawinsonde and weather radar facilities,
and the DMSP satellite van operated by the 6th Weather VW ing from McClellan AFR

were located on Kwajalein Island, The Lincoln Laboratory radars, located at
KREMS on Roi-Namur Island, were used to obtain weather data on the reentry tra-
jectories, NWS rawinsonde facilities at Roi~-Namur were usec for soundings in
conjunction with the missions, in uddition to the soundings from Kwajalein. A,
Cessna Citation aircraft, operated by Alpine Air Charter on contract to MRI, and
a C-130E aircraft, operated by A¥SWC from Kirtland AFB and instrumented for

LTl ol _
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Figure 1, Kwajalein Atoll, Showing the Islands Occupied
by the Facilities of Kwajalein Missile Range., Range
Operations Control Center, aircraft support facilities,
NWS radars, and MPS-38 radars are at Kwajalein 1sland.
Lincoln Lahoratory radars are at Roi-Namur [sland,
Trajectories of the OT-45 RV's are shown, PVM-8
inllowed the same trajectory as OT -45 RVI, with RV2
abuut 2 km to the north, RVTO target was about 35 km
northeast of the OT -45 RV2 target

to October field program, Both aircra® verformed weather sampling in support
of PVM-8, and the Citation alone for OT -45 with the C-130E as a backup. The
C-130E provided exclusive airborne weather support for RVTO,

Execution of the weather data acquisition plan and on-site evaluation of the
data were the responsibilities of the mission Weather Team. The Weather Team
included representatives of AFCRL, SAMSO, SAMTEC, TRW, and MRI at the
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ROCC and an AFCRL radar meteorologist at KREMS. An AFCRL Meteorological
Flight Director and two AFCRL instrumentation technicians flew on the C-130E,
The reentry weather was defined in terms of the Weather Severity Index
hy
WSl = fh M h dh, (1)
1

where M is the water content (gm m™ ) h, is the height (km) of the lowest cloud
base, and h2 is the height of the highest cloud top on the trajectory. For a series
of thin layers, or for numerical integration across a thick cloud layer this may
be approximated by

ws1 = '123Mi K ah, (2)
(h, +h, )
> 1 Ti-1 -
2 ?Mi—z——— thy - by ),
2 2
he -n
_ R O
= ? M =g (3)

The nominal criterion for "minimum weather' is WSI < 1, although there were
additional weather criteria for OT -45 associated with SAC scoring requirements.
These required that there be no showers in the immediate vicinity of the impact
points that would interfere with the splash-detection radars,

The OT-45 RV's encomisxed a few thin cloud layers, There were three weak
echo layers below 4 km on the RV1 trajectory, Clouds were detected on the RV2
trajectory below 8 km, with maximum liquid water content about 0.008 gm m'3 at
5.8 km, No clouds were detected on the RV3 trajectory. Hence, the WSIwas much
less than one on each of the trajectories, The Citation sampled some convective cells
that were in the vicinity, and made two passes for correlation with ALCOR, buten-
countered very few ice crystals or droplets outside of the convective cells,

The PVM-8 RV's passed through thin clouds near 14 km, and 8 to 12 km, and
through showers below 6 km. Maximum water content encountered by the RV's
was approximately 0,0015 gm m™3 at 14 km and 0,005 gm m~3 near 10 km in ice
clouds, and 0,03 gm m'3 in rain at 3 km (RV2). The WSI's were 0, ! and 0, 2 for
RV1 and RV2 respectively, The C-130E and the Citation observed and sompled
water clouds between 3 and 6 km and cirrus clouds between 9 and 12 km, Eight
data passes were made for correlation with ALCOR, and provided good data for
interpreting the radar dzta on the trajectories.

11
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The RVTO weather was clear, with no radar-detectable clouds on the trajec~
tory, The C-130E confirmed the absence of clouds with the exception of very thin
scattered cirrus above 10 km,

2, OT-45 WEATHER DESCRIPTION

The reentry weather was essentially clear, although there were some convec-
tive cells in the area, The DMSP satellite picture at 1304Z (Figure 2), nearly
four hours beforethe reentry, showed the immediate vicinity of Kwajaleintobe nearly
cloud-free, However, there were scattered high-level clouds in the area, and
some convective cells as little as 75 km to the south and 110 km to the southeast,

«Figure 2, DMSI Satellite Infrared Data for 17 August 1974,
1304Z. Immediate vicinity of Kwajalein is nearly cloud-free,
but some small cells are visible 75 to 100 km soutn and southeast,
Most significant convective activity is about 200 km to the east

12




SR
P

%

A

i .

R PR )

e S 2P A SR e

Lok

7

R Rt S R P A e R SR s SN e
' - .

Sl

An extensive area of convective activity was within 200 km of Kwajalein to the east,
but there were no significant convective clouds within 400 km to the north or wast.
Closer to the time of reentry there was more convective activity in the target area,
which necessitated a launch hold for optical tracking, By the time of reentry, most
of this activity was confined to the area to the nosth of the reentry corridor. Be-
cause the winds were from the north through & ¢onsiderable depth of the atmosphere
there was a possibility of advection of ice crystals from these clouds into the corri-
dor, The MRI amalysxis2 showed some evidence of this effect, but the values of ice
water content they computed away from the convective clouds did not exceed 0, 0072
gm m's, the maximum they observed near 8 km altitude shortly after the reentry,
Convective cells observed close to the time of reentry were moving toward the
east-northeast with the winds below 2 km, The 10-cm WSR-57 radar, which detects
precipitation but not non-precipitating clouds, showed that one of these cells had
moved just heyond the reentry corridor at the time of the reentry (Figure 3). This
cell had been observed first over the lagoon, reached a maximum height of about
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Figure 3. WSR-57 Rada. PPI at 1645Z, 17 August 1978
Elevation angle is 0° and range markers are at 25 n. mi.
(46.3 km) intervals out to 125 n. mi. (231,5 km), Heavy
showers are seen to the west and northwest over Roi-Namur
Island, Cell at 90 km range and 30° azimuth has moved
through the reentry area and uprange of the trajectories
just prior to the reentry
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10 km, and was dissipating by the time of reentry. The Citation sampled thig cell
at 9. 3 km altitude about one hour before reentry, and reported ice water content of
0.3 gm m's. A gequence of RHI scans with the WSR =57 between 1645 and 1700Z
at azimuths between 28° and 345° (moving counterclockwise) showed that the ‘echo
top was at 7 km altitude and 70 km range on the 28° azimuth, No other wesiher
echoes were detected in the reentry corridor.

The NWS sounding from Kwajalein at 1655Z is shown in Figure 4, The post-
impact sounding from Roi-Namur could not be made due to icing on the balloon, This
was the result of the heavy showers at Roi-Namur at that time, which can be seen
in Figure 3. A second rawinsonde (Figure 5) was released from Roj-Namur at
1847Z, shortly after the time that the Citation completed its post-mission cloud
sampling operations. RBoth 8oundings measured high humidity (RH > 75 percent
with some regions of 95 to 100 percent) from the surface to 5,2 km, withrelatively

2 -10 0 10 -80 -70 -60 -50 -40-30-20 -10 O 10 20 30
0 \RARARARRANAERARRERE S Sn S LI SN B Nt S0 0 M) B O 108 S R B B 2 ma g
N KWAJALEIN SOUIIDING 360
S 17 AUG 1974 3
1695 2 3
430
v ]
t Jeo T
g ] =
o E
5 1 x
o 332
Y 17w
5 x
J20
J10
]
3 3
[ luluulnu Y JYSCETEUTTSCUNTE IATUE N U5 B W SV NS B 0% O S B O | 1_1_1} 4
=10 10 20 -60-50-40-30-20-10 O 10 20 20
WIND spsso (m sec) TEMPERATURE {deg C )

Figure 4, Sounding From Kwajalein at 16552, 17 August 1974, Wind
components are plotted toward the east (U) and toward the north (V).
Humidity is high from the surface to about 5 km and quite low at higher
altitude, Winds are southwesterly in the lowest 2 km, northeacterly
between 4 and 12 km, and sharply from the northwest just beiow the

tropopause
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Figure 5, Sounding From Roi-Namur at 1847Z, 17 August 1974,
Format is identical to that of Figure 4, Atmosphere is more humid
than over Kwajalein Island at all levels, due to vigorous convection
and thick clouds near Roi-Namur, Low-level wind is more westerly
3 than in the earlier sounding, extending to about 3.7 km with speeds
& up to 9.8 m sec-! at 1,2 km, Wind between 4.3 and 9,5 km is

B northerly, with speeds upto 8,2 m sec~l, Wind structure at higher
:- levels is similar to that shown in Figure 4,

= b ¥

dry air above, Southwesterly winds extended from the surface to 1.8 km at 1655Z
and to 3.7 km at 1847Z with a maximum speed of 5 m sec"1 in the early sounding
and 10 m sec"1 in the later one. Above the southwesterly flow the Kwajalein sound-
ing showed winds generally from the northeast quadrant with speeds up to 10 m sec”
at 8,5 to 9 km, Just below the tropopause, which was at 16 km, the wind backed
sharply to the northwest and west and attained a speed of 16 m sec'l. Above the

1

g I LT

tropopause, and to the top of the sounding at 33,5 km, the winds were easterly.

The later sounding from Roi-Namur showed similar features, except that the winds
between 4 and 9.5 km were north-northwesterly, rather than north-northeasterly as
in the earlier sounding.
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The vertically-pointing 0, 86-cm TPQ-11 radar at Kwajalein, which can detect
non-precipitating clouds, showed no clouds overhead at the time of the reentry. An
intermittent layer at 1.8 km was detected up to about 1600Z and after 1730Z, and
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a thin layer at 3.7 km had disappeared by 16302, The NWS surface observation
from Kwajalein at the time of impact was 1/10 coverage of scattered cumulus at
430 m (1400 ft), less than 1/10 scattered altocumulus at 3.7 km (12 kft), and about
5/10 thin scattered cirrostratus at 10,7 km (35 kft), The reentry was observed
clearly from Kwajalein, but could not be seen from Roi-Namur due to the local
showers,

3. CITATION WEATHER OBSERVATIONS FOR OT-45

A Cessana Citation aircraft instrumented by MRI provided in situ measurements
of cloud parameters for this mission, The Citation operations on 17 August 1974
are summarized in Table 1, The primary objectives were to obtain profiles of ice
water content in the reentry corridor close to the time of reentry and to obtain data
in conjunction with ALCOR for the derivation of Z-M equations.

Table 1, Citation Operations at Kwajalein, 17 August 1974

Time Pressure Altitude

GMT (kft) (lzm) Remarks
1217 to 1229 20 -32 6,1-9,8 | Ascent on 058° hdg ‘rom Targe . 1
1244 to 1248 30 10, 0*
1255 to 1258 27.5 9.2
1516 to 1531 20 32 6.1-9.8 Ascent on 058° hdg from Target 1
1538 to 1540 28 9,3x% Near top of convective cell
1546 to 1550 29 10, 1*

1625 to 1629 35 =20 11,7-6, I* | Descent on 238° hdg toward Target 1
1714 to 1719 37.3-20 12,4 -6, 1¥ | Descent on 238° hdg toward Target 1

1745 to 1749 25 8, 0% Correlation sampling with MPS-36
and ALCOR

1806 to 1810 18 5, Tk* Correlation samping with MPS-36
and ALCOR

*Altitude from MRI data listing,
*%Altitude from ALCOR tracking data,

The cloud physics instrumentation has been described in detail by Jahnsen and
Heymsfield, 2 The probes were mounted in the nose baggage bay, in the emergency
exit door, and in a fixed window, A technician flew in the Citation to monitor instru-

‘mert performance and to report meteorological observations to the Weather Team.
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The principal instruments were the PMS probes, which measured particle
sizas in the ranges 1to 31 yum (axially scuttering spectrometer), 28 to 310 um
(optical array cloud particle spectrometer), and 234 to 3100 pn (optical array pre-
cipitation particle spectrometer, * Each goectrometer recorded particle counts in ;
fifteen size channels, A Formvar particle replicaior (MRl Model 1203B) provided
a continuous record of the types of hydrometeors encountered by the aircraft,
Images of particles greater than 2 pm in length were preserved in an adhesive resin
applied to a 16~-mm sampling tape, These data are essential to tiic analysis of the
PMS data, as the computation of ice water content and reflectivity from the one-
dimensional size spectra requires an approximai:cn of the crystal habit, A second
hydrometeor sampler (MRI Model 1220 foil impactr) recorded images of particles
greater than 250 pm in size on a thin metallic film. Additional instrumentation
measured temperature, pressure altitude, and indic.ted airspeed, which were
recorded along with observations Ly the crew,

A holographic camerw. developed and operated by ".AI4 was also installed on the
Citation, This system utilized a pulsed ruby laser to produce holograms of a
cylindrical sample volume 5 cm in diam and 15 cm long at a rate of 3 per min, A
three~dimensional image of the sample volume can be reconstructed from each
hologram, and individuzl crystals can be observed with a resolution of about 50 ym,
The holographic camera was operated throughout the Ju.y to October 1974 period,
but due to technical problems was not operated on the O7T 45 mission day.

The first Citation flight, from 1205 to 1410Z, includeu an ascent in the reentry
corridor and two level runs, Computer ice water content fi ~:a the ascent was less
than 0,003 gm m's, and the reentry area appeared generally civar, Convective
activity was noted to the north of the corridor, over Roi-Namur, s described in
Section 2, The second flight, from 1503 to 1830Z, included one a <vut and two
descents in the reentry corridor and several level runs, two of whi~h \v=re for cor-

relation data with ALCOR. More convective cells were noted in the reestry ar a
during the early part of this flight, including one large cell which moved t: »ough
the corridor during the final stages of the countdown, The Citation samplea this
cloud at 9.3 km, obtaining ice water content values of up to 0,3 gm m's, ana ob-
serving predominantly plate crystals with some aggregaticn, There appeared > he
relatively little blow-off of ice crystals from the convective cells in the corridox,
although the later profiles of ice water content indicated an increase due proba®ly o ]

advection of ice crystals from the convective region over Roi-Namur, i
After the reentry two correlation passes were flown in conjunction with AJ.COR '

weather measurements, These followed the ground track of RV1 shown in Figure 1, :

and were conducted in the link-offset mode, In this mode the aireraft track file

from the MPS-36 tracking radar was fed into the PRESS computer, offset by a con-

stant vector (3 km) in the direction of flight, and used to control ALCOR, Thus the

¥These are outside limits of the size ranges, rather than the range of center diam-
eters of the channels,
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radar weather measurements were made -t a constant distance ahead of the aircraft,
MRI computed values of ice water conter  ad reflectivity factor by approximating
the ice crystal habit with 100 percent dendrites, Ice water content was less than
0.01 gm m'3 a} both altitudes, Correiations of Z and M derived from the aircraft
data 2lone are shown in Figure 6, The computed Z values were within a few dB of
the ALCOR reflectivity values, but the latter were so close to the radar system
noise level that no correlation between the aircraft and radar data was possible,

CITATION 2-M EQUATIONS 17 AUG 74

tog M (gm m~H)

-4

-4 -3 -2 A o
0g Z (mmSm3

Figure 8, Z-M Equations Used to Interpret OT-45 Radar
Weather Data, Lines designated ""1'" and "'2" are derived
exclusively from PMS data, as weather reflectivity values
measured by radar during the correlation passes were too
close to the system noise level, These are plotted only
within the range of Z and M values used in their derivation,
Eqgs. (7) and (8), designated "Cont. U.S." and "Tropical
Rain,' are shown for comparison, Eq. (8) was used to
interpret the low-level echoes from water clouds

The Z-M equations from the aircraft data were used to interpret the upper part
of the trajectory reflectivity scans presented in the following section, The com-
puted values of ice water content are accurate to about + 3 dB in the range of Z val-
ues for which the correlations were derived, Extrapolation of the correlation line
beyond this range is probably not valid.

Numbers of crystals encountered by the aircraft were generally quite small,
except during the pass through the top of the convective cell and during the 10, 1-km
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pass at 1546Z, when ice water content as high as 0,6 gm m"3 was observed, Ice

crystals observed during the correlation passes were predominantly de:drites,
although some very small particles appeared to be frozen spheres,

4. ALCOR WEATHER OBSERVATIONS FOR OT-45

Weather date were recorded by ALCOR throughout the July ‘¢ October 1874
period while the Weather Team was at KMiR, O:crations in support of the OT -45
weather documentation are summarized in Table 2, The weather data evaluation
involved the PRESS B-6 tape radar cross-section data and the SPA-40 RHI display
which have been described in earlier reports in the AFCRL/Minuteman series, The
details of the B-6 data processing are presented in Appendix A,

Table 2, ALCOR/PRESS Weather Support for OT -45, 17 August 1974

RHI scans at 0820, 0822, 0823Z

Trajectory weather scans Max WSI*

0804 to 0808 0,2 (RV2)

0928 to 0932 0.1 (RVY)

1315 to 1319 0.2 (RV3)

1452 to 1455 1,9 (RV3, shower ceil at 0-8 km); others <0, 1
Post-impact 8cans Weather structure

1651:17 to 1652:04 RV1 Thin layers below 4 km
1652:33 to 1653:20 RV2 3 to 6 km

1653:43 to 1654:36 RV3 No clouds

1655:00 to 1655:13 Vertical

1655:38 to 1656:26 Rv1 Thin layers below 4 km
1656:55 to 1657:42 RV2 3 to 6 km

1658:11 to 1658:58 RV3 No clouds

1659:22 to 16569:35 Vertical

RHI scans at 1755, 1758, 17592

Aircraft correlations Alt (km) Hdg (deg)
1744:47 to 174829 8.0 058
1805:33 to 1809:21 5.7 238

*WEI computed from Egs. (3) and (7)
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‘-‘ ' In addition to the data recorded on the B-6 tape, data were recorded at ALCOR
b in the same manner as for previous missions, The ALCOR data tapes were pro-
, } cessed by Lincoln Laboratory and provided to AFCRL with calibrated radar signal
v |\ values at 170 range gates spaced across a 2,5-km data window. These yielded a
{ z two-dimensional view of the weather structure along the trajectories, Final pro-
%‘ ' cessing and analysis of these data were done by ERT programmers and AFCRL

%' : scientists, respectively, The flow of radar weather data, and related data and

communications, is shown in Figure 7,

WEATHER RADAR DATA FLOW

e e f AL - fe s amtn e e an e oo,

B2
| A R ®
s | &%
| uzae | [0 (vcon EaN o[ Sk e
1 S-BAND CENTER | MOBILE SENSORS
CZ
K | S $
s CENTRAL ALCOR  529cm
5 / \ | PRESS ey 10.2¢m
£ ALCOR AUTAIR, Tro COMPUTER L-BAND 22.7¢cm
;- KMR  / TRADEX 8 KREMS MPS-36 \ (1BM 7094) DATA :
s COPC <r§§\°zom%c%ws FILES | VIA CORC apes L ALTAIR
’_ : \cnoucz » : URF 723cm
g ! : VHF 193 cm
£ e ey P AL A
5 -
£ 1
: SR | aeer
i ana Arc LINCOLN LAB

A REFLECTIVITY ERT LEXINGTON, MA.
SN DISPLAYS |

- g

b i
o Figure 7, Radar Weather Data Flow Diagram, ALCOR is the

!
{ principal weather sensor, with TRADEX S-band as backup.
TRADEX L-band and ALTAIR were not used for weather measure -
ments, ALCOR data are recorded on the PRESS B -8 for on-site
processing of 1-sec averages, and also recorded directly for
later processing at Lincoln Laboratory. Final processing and
analysis are done by ERT programmers and AFCRL scientists
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The reflectivity factor Z (mm6 m's) was computed by the equation
z = colr?,
.

or

dBZ = 10logC+ 10log 0 =20 1logr,

20

4)

(5)

e e ——n e




where 0 is the cross-gection (mz). r is the range (km), and

24 x 1010 81n 2
TOX|K| 2 76°hx10°

C = | (6)

AT

SR 2 o AR

R

where A is the wavelength (5.30 cm), h is the pulse length (37,5 m), 8 the beam-
width (5,24 X 10”3 rad), and K] 2 . 0. 197 for radar backscatter from ice crystals
and 0, 93 for backscatter from rain, Because ALCOR transmits a frequency~

s
Vatl

;é A 5 modulated "chirp'' pulse, the pulse length used in the above computation is not the
g;; x §§ transmitted pulse length but rather a compresased pulse length corresponding to the
9 : : output of a pulse-compression network in the radar receiver, Comparisons of

f{ : é chirp and constant -frequency radar weather data from the TTR -4 radar at Kwaja=-
;?i;: g K lein6 showed that the computational factor determined from Eq. {6) above had to be
b3 l % increased by 3 dB for the chirp data, Thus 10 log C = 86,5 for the ALCOR obser-
{ ! ;' vations above the freezing level and 79,8 in rain, We used only the values from the
‘ ! £ left circular polarization (opposite to the transmitted polarization) for this analysis,
ax % as these are 15 to 20 dB greater than those received on right circular polarization
5 % for weather echoes,

‘ i‘ The quantity Z is the factor of the received signal power which is dependent only
§ % on meteorological parameters, It is equal to the sixth moment of the particle size
, g spectrum, and thus is not a direct measure of the water content which is propor-
_' ! i tional to the third moment, that is, the volume, The relation of reflectivity to water
¥ g content depends on the spectrum of ice crystals or water drops in a cloud. For

{i 5‘ preliminary estimates of water content, used for pre-mission forecasting and for
5 ' % the quick look post-mission briefing, we used a Z-M equation appropriate to ice

5},{ l §‘ crystals:7
ket o
e b M = 0,058 20529, @
Mf‘«';',,‘a %:7 above the freezing level. Below the freezing level we used a Z-M equation appro-
;‘5 B priate to tropical rain:
26 ;

3
;{ M = 0,011 204 (8)
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6. Metcalf, o.1., BRarnes, A,A,, Jr., and Nelson, L. D, (1975) Water content
and reflectivity nicasurement by "Chirp' radar, 16th Radar Meteor, Conf,,
Amer, Meteor,Soc., pp 492-495,
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derived from equations pres'ented by Battan, 8 (It should be noted that this Z-M
equation was derived from surface observations and is therefore not strictly appli-
cable to observations in clouds; however, it is useful for preliminary estimates of
the cloud water conteut. )

An SPA -40 RHI scope installed at the PRESS Control Center provided some
weather reconnaigsance data for the mission. Photographs of the RHI display, such
as those in Figure 8, were used to obtain cloud layer heights and cell locations in
the vicinity of the reentry corridor, This information was used both for forecasting
the weather prior to launch and for locating cloud layers to be sampled during the
radar-aircraft correlation operations, RHI scans made early on the mission day
showed a thin layer at 2 km altitude and a thicker one between 10 and 12 km, Both
layers extended some 60 km toward the east-southeast, An RHI scan about an hour
after the RV impact showed no cloud layers, but several cells with tops at 6 to 8 km.

0 17 AUG 74 (08222 120° 20 i7T AUG 74 17582 14°

HEIGHT, km

0 I 0

]
(o] 40 €0
* Range, Naut M Range, Naut M
| I T SRS T | [ I | [} —l L} [ { ]
0 40 80 120 0 40 80 120
Range, km Range, km

Figure 8, ALCOR RHI Scans During OT -45 Operations,
Range markers are at intervals of 5 n, mi. (9.3 km),
Cloud layer detected at 10 to 12 km altitude at 08222 is
not seen at the time of reentry. Extensive shower activ~
ity reaches to near 8 km altitude at 17582

Following vehicle impact a sequence of scans was made, once down each tra-
jectory from 23 km to 0.5 km and once vertically over the radar, and repeated as
shown in Table 2,* The sequential scans on each trajectory provided a time history
of the weather on the trajectory. The vertical scans were intended to reveal thin

*RV numbers given in the letter report (12 September 1874) were erroneous:
1, 2, and 3 described there should be 2, 3, and 1, respectively,

8. Battan, L.J. “1973) Radar Observation of the Atmosphere, The University of
Chicago Press,
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layers which might be too weak to appear in the trajectory scans, since the minimum
detectable signal level increases as the square of the slant range,

Reflectivity profiles derived from the B-8 data suggested the presence of weak
echoes above 9 km on all the trajectories, However, the Lincoln Laboratory RT!
films showed no weather echoes at these altitudes, so it is likely that the supposed
echoes were due to noise level fluctuations, Weather was encountered below 6 km
on the RV2 trajectory, The two scans of this trajectory, shown in Figure 9, indi-
cate that this RV passed through a cell extending from 2.5 to 8 km, The change in

LD S L )
RADAR
WEATHER
DATA

0T-45, Rv2
SCAN |
SCAN 2 Figure 9, Profiles of Radar Reflectivity Factor Z
on OT-45 RV2 Trajectory, These are derived from
- 1 the PRESS B-6 aata and presented in logarithmic

i | form, with Z in mm6 m=3, Reflectivity values
above 6 km and below 3 km correspond to the radar

PR TS aimum deteotohle

- 3 : gystem noise level, or the minlmum det
| | reflectivity. Rapid changes in the weather struc-
ture are due to advection of cloud features through
sh 1 the reentry corridor during the 4-min interval

0 bttt Ll gy
-30 -20 =10 o]
REFLECTIVITY FACTOR, 10 log Z (m'm" )

=)
T
1

HEIGHT, km

appearance of the reflectivity profile from one scan to the next was due to the small-
scale variability of the cell combined with its motion during the 4, 5-min interval
between the scans, A range-height display of the first RV2 trajectory scan, derived
from the full ALCOR data, is shown in Figure 10, This shows the details of the
echoes in the vicinity of the trajectory. An echo was detected between 3 and 6 km
with a maximum reflectivity of 7 dBZ at 4 km, but this maximum was not on the
trajectory itself, Maximum reflectivity values on the trajectory were -11,4 dBZ

(Z = 0.072 mm6 m-3) on scan 1 at 5,8 km and -5.6 dBZ (Z = 0,275 mm6 m'a) on
scan 2 at 3.8 km. These signal values correspond to water content of 0,004 and
0.006 gm m'3, respectively, by Eq, (8),
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Figure 10, ALCOR Scan of OT-45 RV2 Trajectory at 16532,
17 August 1974, Contours are of 10 log Z, with Z in mm6 m=3,
This display is derived from the original ALCOR data recorded
across & 2,5-km interval in slant range, Nominal trajectory

location is approximately 1/3 of the way across the array from
the near-range side, Maxima at 5 and 5.5 km are beyond the
trajectory at this time; maximum at 4 km is just moving into
the field of view,

The vertical scan (Figure 11) revealed the thick clouds over Roi-Namur extend-
ing to about 11 km, A thin layer was detected at 13,5 km, but no clouds were ob-
served at that height from the aircraft, It is unlikely that a cirrus layer producing
this echo would have extended very far from the convective cells cver Roi-Namur,
The generally dry air at that level would have caused rapid evaporation of any cirrus
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4 Figure 11, Profile of Radar Reflectivity
j Factor Z on ALCOR Vertical Scan at
5;; 16562, 17 August 1974, Echo from thick
P clouds over Roi~Namur extends to about
g‘ 11 km, Thin layer at 13,5 km is probably
v cirrus associated with the deep convective
s : activity
S 5. PVM-8 WEATHER DESCRIPTION
: %
e 4 During the period of the PVM-8 mission Kwajalein was located beneath an
Y Jg upper level ridge, During the day mid- and upper-level winds backed from south~

easterly to easterly, Stable conditions under the ridge prevented significant con-
vection from developing to the east of Kwajalein, The clear weather in that region
insured minimum weather conditions at launch time,
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A satellite pass at 0929Z, 5 October 1974 (Figure 12) showed Kwajaiein ina
geunerally clear area with unsettled weather 500 km east and west, and 200 to 300
km to the south-southeast.
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Figure 12, DMSP Satellite Infrared Data for 5 October 1974, 0929Z, Immediate
vicinity of Kwajalein is mostly clear, Significant convective activity is located
200 to 300 km to the south~southeast and 500 km to the east and west

Rawinsondes were released from Kwajalein and Roi-Namur at 06452 (Figure
13), The freezing level was 4, 6 km and the tropopause at 16,4 km. Saturation oc-
curred in the layer from 5.5 to 6, 1 km on both soundings, close to the height of one
of the layers observed by ALCOR., Humidity was above 90 percent between 5.0 and
6.5 km and about 60 percent in the 9 to 11 km region where ALCOR detected another
layer. Winds at 4 to 5 km were from the southeast with a speed of 8 m sec'l. At
12 to 14 km winds were from the northeast or north-northeast at about 7 to 9 m sec-l.
Winds elsewhere were generally from the east, Maximum speeds were 12 to 14
m sec™} at 6,7 km and 12 to 15 m sec™! at 14, 6 km,
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% Figure 13a, Sounding From Kwajalein at 0645Z, 5 October 174,

3 Wind components are plotted toward the east {U) and towaru the

£ north (V), Layers of highest humidity at 5,0 to 6,5 km aund 9 to 11
i km coincide with heights of clouds detected by ALCOR, Winds
were mostly from the east, except southeasterly at 4 to 5 and
northeasterly at 12 to 14 km

Py

¥

The NWS 10-cm WSR-57 radar showed no echoes in the reentry area at the time
of reentry. Figure 14 shows the PPI display at 0830Z. Most of the convective cells
were south of Kwajalein Island, although one small cell was detected about 80 km
to the north., This was dissipating and moving toward the west at the time of re-
entry,

During their pre-mission flights, the Citation and the C-130E aircraft reported
that they encountered two distinct cloud layers, The lower one consisted of several
thin layers of water clouds between about 3 and 6 km. The upper layer, between 9
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S

and 12 km, was a non-homogeneous cirrus, consisting of some active generating
cells and residual ice crystals of dissipating cells, As launch time approached,
both layers became thinner and had numerous breaks in them,
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Figure 13b, Sounding From Roi-Namur at 0645Z, 5 October 1874,
(See legend of Figure 13a)
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Figure 14, WSR-57 Radar
PPI at 0630Z, 5 October
1974, Elevation angle is
0° and range markens are
at 25 n, mi. (46.3 km)
intervals out to 125 n, mi,
(231.5 km)., Precipitation
cells are mostly 35 km or
more to the south of
Kwajalein, A small cell
about 80 km ncrth of
Kwajalein is uissipating
and moving toward the
west
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6. AIRCRAFT WEATHER OBSERVATIONS FOR PVM-8

Weather reconnaissance operations and quantitative cloud sampling operations
were conducted by the AFSWC C-130E and the Citation, The cloud physics instru-
mertation on the C-130E is described in Appendix B and illustrated in Figure 15,
The instrumentation on the Citation is described in Section 3 above, and in the MRI
final report. 3 The C-130E operated below 9 km altitude, and the Citation up to
about 12 km, Their operations on PVM~8 mission day are summarized in Tables
3 and 4. The SAI holographic camera was operated on this day, but only a few small

particles were recorded,

R RN R R T

Py

Figure 15, Instrumentation Pod Under Wing of C~130E (No. 40571),
Instruments on pod (counterclockwise from upper left) are axially
scattering spectrometer, precipitation particle spectrometer, foit
sampler, cloud particle spectrometer, and Rosemont temperature

sensor
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'51 Table 3. C-130F Operations at Kwajalein, 5 October 1974
ks Time Pressure Altitude
B GMT (kft) (km) Remarks
:', 0200 to 0452 0 -28 0 -8.5 Takeoff and ascent in reentry corridor;
S B Observations in corridor at 8,5 km
;,Z: 0733 to 0737 26 -17.5| 7.9-5.3 Descent along target path
s | 0804 to 0806 17.5 5. T*
£ | 0815 to 0818 20.5 B.7* Correlation sampling with MPS-36
A8
e | 0827 to 0830 25,5 8.3% and ALCOR
o
2
- *Altitude from ALCOR tracking data
e
29k Table 4, Citation Operations at Kwajalein, 5 October 1974
2 | Thine Pressure Altitude
e GMT (kft) {km) Remarks
%
0455 to 0513 20-30 6.1- 9,1 Ascent along target path
0526 to 0529 30 9.1
0533 to 0537 28 8.5
0542 to 0545 26 7,8
0556 to 0612 26-35 7.9-10.7 Ascent along target path
0615 to 0623 35-20 10,7~-86,1 Descent along target path
0740 to 0748 32-17 9.8~ 5,2 Descent along target path
0809 10 0812 17 5. 4%
0822 to 0826 20 6, 4%
0834 to 0837 5 d, 1k Correlation sampling with MPS-36
0843 to 0848 30 9, 7% and ALCOR
0851 to 0854 32 10, 3%

*Altitude from ALCOR tracking data

The cloud particle probe normally installed in the C-130E was replaced by a
PMS precipitation probe which had been in the WB-57F used euarlier in the Minute-
man Natural Hazards Program, The purpose of this substitution was to obtain com-~
parisons of spectral distributions and total water coutent 25 determined from the
two probes, Studies of these data are underway at AFCRL and at MRI,

The first flight of the C-130E was primarily for purposes of weather recon-
naissance. After initial climb, the aircraft proceeded to the reentry corridor where
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some cloud measurements were taken near the base of the upper cirrus layer. The

. Flight Director described the cirrus as ''wispy and tenuous with numerous breaks, "

and the crystal habit was predominantly small columns and plates,

The Citation flew weather reconnaissance and cloud sampling operations in the
reentry corridor between 0455 and 0623Z, sampling both of the cloud layers, The
lower layer consisted of water droplets, with liquid water content about 0,005 gm
m'3 during the early part of the flight. After reentry this was observed to have
increased to about 0,02 gm m™°, The Citation observed bullet rosette crystals in
the upper cloud layer, with ice water content initially about 0. 005 gm m'3. The ice
water content increased locally to about 0,03 gm m"3 near the time of reentry
although the layer was patchy,

Following the reentry both aircraft made descents along the reentry corridor,
and perfoermed cloud sampling for correlation with ALCOR weather data, The
Citation observed maximum water content of about 0,03 gm m"3 at 10,7 km altitude
during the descent, The correlation flights followed tracks located about 7 km to
either side of the RV1 trajectory (Figure 1), extending to about 30 km uprange from
the target point. The aircraft fiew these tracks in a "racetrack' pattern, moving
in a counterclockwise direction, The data from the lowest two passes by each
aircraft were analyzed with the assumption of 100 percent water drops. The third
passes, near the base of the upper cloud layer, were in cirrus cloud deduced to be
predominantly dendrites, The highest two passes by the Citation were through bullet
rosette crystals. The quantitative data from these passes provided some good cor~
relations between the aircraft and radar weather measurements, which are presented
in the following section, The C-130E Flight Director reported being in the clear at
all times during the descent and correlations, but because it was dark this visual
report is not wholly reliable, In fact, some clouds were encountered by the C-130E
during the correlation flights, with peak values of water content about 0,004 gm m"~
on Pass 1, 0,01 gm m™ on Pass 2, and 0,002 gm m™3 on Pass 3. At this time the

stars could be seen but were veiled in the thin cirrus above 8 km.

7. ALCOR WEATHER OBSERVATIONS FOR PVM-8

Weather data recorded by ALCOR in support of the PVYM~8 missjon are sum-
marized in Table 5, Trajectory scans and one RHI scan were used for forecasting
prior to launch, Following the reentry a scan was made once down each trajectory
and once vertically over the radar. Another RHI scan was made later to aid in

directing the aircraft correlation sampling,
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Table 5. ALCOR/PRESS Weather Support for PVM-8, 5 October 1974
RHI scan at 0315Z
Trajectory scans Weather structure Max WSI¥
0115 t0 0117 2.1- 4,2; 8,5-12,7 km 1,4 (RV])
0310 to 0312 7.5-12,2 km 1,8 (RV2) :
0512 to 0514 4,7- 5,3; 8,5-11,5 km 0.2 (RV2) i
Post-impact scans Weather Structure
0641:25 to 0642:27 RV1 3,0-5,7;9,1- 9,9 km i
0642:46 to 0643:48 RV2 2,5- 5,1; 8,6-11, 1 km
0644:13 to 0644:26 Vertical
RHI scan at 0750Z
Afrcraft Correlations Alt (km) Hdg (deg) Aircraft
0803:21 to 0806:28 5.7 238 C-130E
0808:41 to 0812:33 5.4 238 Citation
0814:46 to 0817:55 6.7 058 C-130E X
0820:50 to 0825:33 6.4 058 Citation
0826:40 to 0829:41 8,3 238 C-130E
0833:32 to 0836:57 8.1 238 Citation X
0842:21 to 0846:12 9,7 Citation
0850:20 to 0853:47 10,3 Zuo Citation
*WSI computed from Eqs, (3) and (7),
The pre-mission RHI scan (Figure 16) showed the low-level cloud layers re- Ty

ported by the C-130E below 5 km, The thick clouds observed between 5 and 3 km
altitude were remnants of local convective activity, These clouds must have been
moving rapidly away from the reentry corridor with the easterly wind at these
heights, as neither of the aircraft reported clouds at these altitudes. The patchy
structure of the highest layer at 10 to 12 km corresponds to the description by the
aircrews, Another scan about an hour after reentry showed the principal layers
sampled by the aircraft during the correlation operations, The variability of the
weather is illustrated by the fact that no clouds were observed by ALCOR between 6
and 8 km altitude on the trajectories despite the presence of clouds at these altitudes .

before and after the reentry.
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Figure 16, ALCOR RHI Scans During PVM-8
Oper-ations. Range markers are at intervals of
5n, mi, (9.3 km), Clouds reported by the air-
craft during their first flights are seen below 5 km
and between 10 and 12 km at 0315Z, Intermediate
layer is probably related to convective cells
northwest of Roi-Namur, Later RHI shows cloud
layersat 5 km, 6 to 8 km, and 10 {o 11 km at

the time of the correlation sampling., Spatial
variability of clouds is emphasized by absence

of cloud at 6 to 8 km on the trajectories

Reflectivity profiles derived from the PRESS B-6 data are shown in Figure 17,
RV1passed through cloud layers at 14 km, 11 to 8 km, and 6 to 2,8 km. Maximum
reflectivity values were -15,1 dBZ at 9.9 km (0,903 gm m"a), and -1.2 dBZ (0,01
gm m-3) at 3, 6 km, RV2passedthrough layers at about 13.5 km, 11.5 to 8 km, and
5.8 to 2,3 km, Maximum reflectivity values wevre -11,3 dBZ (0, 005 gm m-3) at
10,7 and 10,4 dBZ (0,033 gm m-s) at 3 km. The highest layer encountered by each
RV was just above noise, at ~22 dBZ (0, 0015 gm m "),

The reflectivity data for the trajectories are shown in Figures 16 and 19 in a
range-height format, T hese both show the layer near 14 km noted in the reflectivity
profiles (Figure 17), and the clouds between 8,5 and 11,5 kin which had a marked
cellular structure, The clouds below 6 km were even more convective in structure,
The trajectories, howewver, did not generally intersect the largest reflectivity max-
ima in these cells, The vertical scan (Figure 20) showed a weak echo below 5, 6 km
with peak reflectivity of -10,5 dBZ, and an echo between 9 and 11 km with multiple
maxima at 9.3 km (-3. 1 dBZ) and 10.5 km (-10,1 dBZ), Thin layers were observed
at 11,5, 13, and 13,5 km with reflectivity of -20 dBZ or less.
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Figure 18, ALCOR Scan of PVM-8 RV1 Trajectory at 06422,
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Clouds at all heights exhibit considerable spatial variability
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Radar weather data were recorded in conjunction with the instrumented aircraft
using the link-offset mode described in Section 4, The C-130E made three passes
between 5,7 and 8.3 km, and the Citation made five passes between 5.4 and 10,3 km,
The numbers of counts and ranges of the computed M and Z values on the lowest
pass by each aircraft were too small to define reliable correlation equations, Cor-
relations derived from the C-130E for the 6,7 and 8,3 km passes are shown in Fig-
ure 21, The steep correlation line for Pass 2 (water droplets) was uncertain due to
the small numbers of counts and the large scatter of the individual Z and M values
about the line, The correlation of the radar and aircraft data for Pass 3 (in dendrite
crystals) was excellent, with very small scatter of the points around the correlation
line, However, the 10 to 15 dB difference in reflectivity values obtained from the
aircraft and from the radar indicates that the computed values of water content may
be 5 to 7 dB too low, Hence we used Eq, (8), rather than the equations we derived,
for interpreting the lower part of the trajectory profiles, Correlations derived
from the upper three passes by the Citation are shown in Figure 22, As with the

' C-130E Z-M EQUATIONS 3 0CT 74
] -
e
WB-387F PRECIP PROBE e
-2
E
8.
x
g
-4
2 £ /
" 2R
-4 -3 -2 - o] |

log Z (mm&m'd

Figure 21, Z-M Equations Derived From C-130E PMS Data,
5 October 1974, Correlation lines derived exclusively from
PMS data are designated "2A" and "3A"; those derived from
PMS water content and ALCCR reflectivity data are designated
“2R" and "3R". Egs. (7) and (8) are shown for comparison
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Figure 22, Z-M Equations Derived From Citation PMS Data, 5 October 1974,
Correlation lines derived exclusively from PMS data are designated '"3A" through
"5A" for Passes 3 through 5; those derived from Citation PMS water content and
ALCOR reflectivity data are designated "3R" through 'SR, Line "4R" was

used to interpret the uppermost layers on the trajectories, These lines are
plotted only within the range of Z and M values used in their derivation, Eq,

(7) is shown for comparison

lowest passes, the range of computed values of M precluded obtaining reliable c'or-
relation equations for Passes 3 and 5, However, Pass 4 at 9,7 km altitude yielded
sufficient data for a good correlation, This equation was applied to the upper layers
observed on the trajectories. The results of this analysis are presented in Section 9,

8. RVTO WEATHER SUMMARY

The reentry weather for the RVTO mission was almost completely clear, Be-
cause of the absence of clouds, the weather documentation was less comprehensive
than for other missions, The principal weather observatinns were made by the
C-130E aircraft, the NWS WSR -57 radar at Kwajalein, and AL.COR,

The C-130E flew a weather reconnaissance mission between 0000 and 0403Z,
The flight was mostly in the reentry corridor, north to northeast of Kwajalein within
a range of 185 km, During the initial climb the Flight Director observed a line of
cumulus about 35 km northeast of Kwajalein, oriented southeast-to-northwest, with
bases at 610 m and highest tops about 3 km, Scattered cirrus were present above
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tae aircraft, with base height estimated at 10, 1 km, and a heavier cirrus layer
could be seen about 300 to 350 km northeast of Kwajalein, At 0135Z the Flight
Director reported that the cirrus above was dissipating, and that the clouds to the
northeast showed no significant movement, About launch time, between 0346 and
0354Z, the C-130E flew a descent along the reentry corridor from 8,8 to 3.7 km
on a heading of 230°, The Flight Director again observed the thin cirrus at 10, 1
to 10,4 km, but nnted that he could sea through it easily. His assessment of the
weather at that time was 1/10 coverage of very thin cirrus with scattered cumulus
below 2 km,

Soundings were made from Kwajalein and from Roi-Namur immediately follow-
ing the reentry. The most remarkable feature of the soundings (Figure 23) was the
very low humidity, even at the lowest levels, Peak values in the lowest few hundred
meters were about 80 percent, and the relative humidity dropped to less than 50 per-
cent at 3 km., Between 4.5 and 8 km there were two layers of increased humidity,

-10 ] 10 -80-70-60-% -40-30-20 =10 O 0 20 3
20 UARRARERAERAS Slll[!'l'll'll] T rr oy T T T T YT T
KWAJALEIN SOUNDING 60
14 OCT 1974
[ 0348 2
s} %
- -
L 40 ~
£ z
~ x
- [ -
T ok 1 r
] 10 T
w | » 8
T w
- h 4
L 20
LY ad
L 10
0 ISINUTHTI NUT [TURURUSEN AT VE J TN NS S0 T U S SO S S0 N SN W 0 S O | N
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WIND SPEED (m sec’) TEMPERATURE (deg C)

Figure 23a, Sounding From Kwajalein at 0348Z, 14 October 1974, Wind
components are plotted toward the east (U) and toward the north (V). Low
humidity throughout the depth of the sounding corresponds to the absence
of clcuds on this day, Winds are mostly from the east or northeast up to
about 13 km, with a top speed of about 9.8 m sec-! at 10,2 km, Between
13.5 and 15, 8 km, just below the tropopause, the wind is northwesterly
with a maximum speed of 17 m sec™* at 14,9 km
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Figure 23b, Sounding From Roi-Namur at 0350Z, 14 October 1974
(See legend of Figure 23a)

but the peak values were only about 50 percent; eisewhere the relative humidity
was 25 percent or less, Winds were from the east or east-southeast up to about
3 km, with maximum speed of 7 m sec'l. Between 3 and 6.4 km the wind backed
to northerly, with maximum speed of 4 2 sec'l, and veered to easterly again,
Winds were easterly or east-snutheasterly up to 11 km with maximum speed of 10 m
sec'l. The wind backed to northerly at 13 km and northwesterly at 13,7 to 15,2 km
with maximum speed of 17 m sec"l, just below the tropopause which was at 16,1
km. Above the tropopause the wind was generally easterly tothe top of the soundings,
with speed increasing to about 32 m sec”! at 24 km.

The WSR=-57 PPl scan about the time of reentry (Figure 24) showed no precipi-
tation cells in the reentry corridor, or in any of the area north of Kwajalein, A
few weak echoes observed at 25 to 45 km range to the south and southeast may have
been due to convective cells, but these were not significant, as the individual echoes

did not persist for more than about 1/2 hr,
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Figure 24, WSR-57 Radar PP’ ! 0405Z, 14 October
1974, Elevation angle is 0° and range markers are at
25 n, mi, (46,3 km) intervals out to 125 n, mi, (231,5
km), A few small cells are located just south and
southeas: of Kwajalein. A line of cells about 120 to 190
km to the north-northwest is dissipating as it moves
toward the west, Echoes from the atoll islands can be
seen to the north and northwest within about 40 km range

ALCOR weather scans were made along the reentry trajectory following RV
impact, as listed in Table 6, No weather echoes were detected on the trajectory,
implying that any clouds which might have been present were less than the minimum
detectable signal level corresponding to about 0,003 gm m"3 ice water content.
Vertical scans over the radar, with a lower minimum detectable signal level, showed
only thin layers at 5,2, 8.3, and 13,5 km, with maximum reflectivities of -37.5,
-33.0, and -27,7 dBZ, respectively (Figure 25), These may have beer due to re-
fractive index fluctuations associated with humidity gradients and wind shear, but
were equivalent to ice water content of 0,001 gm m-3 or less, by Eq. ("), in all
cases, The WSI computed fcr these values of ice water content is less :an 0,01,
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9, CONCLUSIONS

9.1 OT-45 Summary

Water content profiles derived from ALCOR data for the OT-45 trajectories
are shown in Figure 26, Only RV1 and RV2 encountered radar-detectable clouds,
and only below 8 km, Above this altitude the ice water content values, obtained
from the B-6 radar data by the Citation Z~M equations described in Section 3,
represent the approximate minimum detectable values on the three trajectories,
The thin layers observed below 4 km on the RV1 trajectory may have extended
across the other trajectories without being detected, as the other trajectories were
further from the radar, The layer observed at 13,5 km on the vertical scan may
have extended to the reentry corridor, but this is highly unlikely due to the low
humidity away from the cloudy area that was over the radar.
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ol P . Figure 26, Profiles of Water Content on
Py the OT-45 Trajectories. These are derived
- I [ from the B-6 radar data by means of the
4 ;3 ,2 Z -M equations shown in Figure 8, Broken
I R line segments indicate approximate minimum
g : ,' ! detectable water content, Water content
s [T I I values above and below 6 km are computed
i3 2 : : : for ice and liquid, respectively, Clouds
L ‘i 4 are detected only below 6 km on the RV1
H || and RV2 trajectories
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The portion of the trajectories below 6 km was interpreted by Eq. (8) in the

absence of correlation measurements in rain on this day, Measurements on other

days indicate that the values of liquid water content derived by this equation are
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accurate to better than 5 dB, or a factor of 3, Based on the observed clouds, the
WSI was about 0,03 for RV2 and less than 0,01 for RV1,

The weather in the Kwajalein area was mostly convective cells, generally lo-
cated to the north of the reentry corridor, One cell moved through the corridor
just before reentry, and was just northeast of the corridor at reentry time, The
Citation sampled this cell and obtained maximum water content of 0.3 gm m°3.
Elsewhere the water content computed from the aircraft data was less than 0, 0072

gm m-a, and very small numbers of particles were counted.

9.2 PVYM.8 Summary

Water content profiles encouniered by the PVM-8 reentry vehicles are shown
in Figure 27. The upper parts of the profiles were derived from the B~8 radar data
by means of the Z-M correlation equation obtained from Citation Pass 4, at 9.7 km;
these values of ice water content are accurate to about 3 dB, or a factor of 2, Be-
cause of the uncertainty of the water content values derived from the C-130E, Eq,
(8) was used to derive the water content profiles below 6 km; as noted above, these

values are accurate to within a factor of three, N
15 T LB LA ] i T LI ALY A f rrirrry
\3
- ) PVM-8 1
) WATER CONTENT i
]
i 4 RVI i
\ RV2———

Figure 27, Profiles of Water
i ! 1 Content on the PVM-8 Tra-
jectories, These are derived
0= 7] from the radar reflectivity

J profiles (I"igure 17) by means
3 of the Z-M equations described
in Section 7, Broken line
segments between the layers
indicate minimum detectable

HEIGHT (km)

H water content, Water content
| 7 J values above and below 6 km
{ are computed for ice and liquid,
sk -1 respectively
- /——__—_——- -
{
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»
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Ver"y little convective activity was present in the Kwajalein area, Two prin-
cipal cloud layers were observed on the trajectories and reported by the C-130E
and Citation aircraft, The lower one was composed of multiple layers of thin
water clouds between 3 and 6 km, The upper one was a cirrus layer wiih a non-
uniform cellular structure., A very thin cloud layer was observed rear 14 km on
the trajectory scans and the radar vertical scan, Maximum values of water con-
tent observed in the cloud layers by the Citation were 0,02 gm m'3 in the lower
layer and 0,03 gm m"3 at 10,7 km near the time of reentry. The t'iree layers
observed on the trajectories gave increments of WSI from highest to lowest alti-
tude as follows: 0,02, 0,05, and 0,04 for RV1; and 0,02, 0,98, and 0,09 for RV2,

9.3 Conclusions

Several factors affect the validity of the water content profiles presenrted above.
Spatial variability of the weather structure makes it difficult to obtain exact mea-
surements of the weather actually encountered by the reentry vehicles. Previous
result59 have shown that the WSI can change by almost a factor of 2 in five min,
The procedure of making the sequential trajectory scans is adequati: to identify any
significant variations in the trajectory weather, (Other radar requirernents pre-
vented obtaining second scans of the PVM-8 trajectories,) Any improvement in
documenting the weather by radar could only be achieved by a dedicated weather
radar scanning the trajectories at the moment of reentry, A related problem is
that the weather scans were made on nominal trajectories rather than on the actual
trajectories, but the deviation of the Minuteman RV's from their ..cxniinal trajec-
tories is generally not significant f* om the meteorological point of view,

Derivation of Z-M equations for interpreting the radar data is .ifficult in
"minimum weather" situations, Thin clouds may have too small a spread of water
content values to define a good correlation line, as was true for some of the PVM-8
measurements, or the reflectivity values measured by the radar may be too close
to the system noise level, as was observed in conjunction with OT-45, Further-
more, thin cloud layers can develop or dissipate or advect into or out of the re-
entry corridor in the time between the reentry and the aircraft sampling, Nominal
7.-M equations such as Egs. (7) and (8) are adequate for defining an approximate
minimum detectable level, and obtaining approximate values of water content in
clouds. Improved numerical results obtained from aircraft-radar correlations
close to the time of a particular mission differ from the preliminary estimates
by much less than an order of magnitude in cases we have analyzed.

9. Metcalf, J.1., Barnes, A,A,, Jr., and Kraus, M.J. (1975) Final Report of
PVM -5 Weather Documentations, AFCRI.-TR-75-0302,
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The accuracy of the PMS data reduction is dependent on instrument perfor-
mance and on selection of ice crystal habit, A recent study by Heymsfield 10 has
shown that the use of different crystal habits can change the computed ice water
content values by factors of 3 to 4, The selection of crystal habit is critical for
obtaining results of highest accuracy, However, if the accuracy of ice water
content values is not required to be better than about 5 dB (a factor of 3), a nom-
inal Z-M equation can be used and the crystal habit is of less importance.

The experimental techniques used for the reentry weather documentation have
proven to be highly effective in terms of pre-mission weather evaluation, rapid
access to data for '"quick-look' analysis, and correlation of aircraft and radar
data, Accomplishment of the latter objective was limited in the present cases
primarily by the lack of significant weather on the mission days. The techniques
included the use of the SPA~40 RHI display at the PRESS Control Center, the com-
putation of water content profiles in near-real-time from the data on the PRESS
B-6 tape, and the link-offset mode of obtaining the Z-M correlation data,
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ABRES
AFCRL
AFSWC
ALCOR
ALTAIR
ARPA
CDPC
DMSP
ERT
GMT
KMR
KREMS
M

MRI
NWS
oT
PMS
PPI
PRESS
PVM
RH

RHI
ROCC

Acronyms & Symbols

Advanced Ballistic Reentry Systems

Air Force Cambridge Research Laboratories
Air Force Special Weapons Center

ARPA -Lincoln C-band Observahles Radar
ARPA Long-range Tracking and Instrumentation Radar
Advanced Research Projects Agency

Central Data Processing Computer

Defense Meteorological Satellite Program
Environmental Research and Technology, Inc,
Greenwich Mean Time

Kwajalein Missile Range

Kiernan Reentry Measurements Site

Water conteunt (liquid or ice), gm m-3
Meteorology Research, Inc,

National Weather Service

Operational Test

Particle Measuring Systems, Inc.

Plan Position Indicator

Pacific Range Electromagnetic Signature Studies
Production Verification Missile

Relative Humidity

Range Height Indicator

Range Operations Control Center

49




faT

i3

{
@
e

185

20 N S

o WhE

Aot Y s
AN

P
CHASAS

061
£

N

e
2L

N‘.
S
S

Pp—————
» o [ £
£ ﬁ«gﬁ:r% =

Traditane et
R e S

R T

S L e SO
b e st oo
B

ad
il

5

3 i
e e T
: e

gz

s

WA

o &‘:
e
it

G T4

*

Ty
347

o

it

y, 3t PR
PR RS TN R A SR

"

Li
4
: %
+ R
'gfa
!

RTI
RV
RVTO
SAC
SAl
SAMSO
SAMTEC
TRADEX
TTR
wslI
Z
zZ

Range Time Intensity
Reentry Vehicle

Reentry Vehicle Test Observables

Strategic Air Command
Science Applications, Inc,

Space and Missile Systems Organization

Space and Missile Test Center

Target Resolution and Discrimination Experiment

Target Tracking Radar
Weather Severity Index

Radar reflectivity factor, mm® m"

Greenwich Mean Time
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:? ! *;fz Derivation and Processing of Press B-6 Data
2 3
i : From each radar pulse the four signal values in gates 51, 52, 53, and 54
* ok (centered about the radar tracking point) were examined to determine the maximum,
. Prior to the end of August 1974 this maximum value was stored in a memory unit
‘ 2 which was updated for each successive pulse, After that time the maximum values
4 i from all pulses were retained and averaged for each 1/10 sec, Once every 1/10 sec
‘ . an encoded value of radar cross-section was transmitted to the PRESS computer and
:f 3 recorded on the "B-6" tape. Prior to the end of August 1974 this was a single-pulse
! maximum value near the tracking point. Subsequently this was an average of the
;gf 1' ' selected maximum values from about 20 successive pulses, In consultation with
;;f 3 personnel at PRESS we developed a program to average these values over l-gec
2 ?3 intervals and compute the reflectivity factor Z by Eq, (5). Listings of the l-sec
3 averaged Z values provided the data for Figures 9 and 17 above, The program also

computed M by Eq. (7) and WSI by Eq, (3) for purposes of pre-mission weather
- evaluation,

A future report in this series will describe the data processing in more detail.
The "peak selection” scheme introduced a bias which partially offset the 3 dB error
in the constant in Eq. (5) which was written into the PRESS program. The B-6
reflectivity data for OT-45 presented above were approximately 1,7 dB low; those
for PVM-8 were approxirately 0,8 dB low, This correction was not included in the
reflectivity profiles shown above, and is not needed if the reflectivity data are inter-
preted by Z-M equations obtained from correlation of aircraft and ALCOR data.
However, if Z-M equations derived exclusively from aircraft data or obtained
from the scientific literature are used for the interpretation, then the correction
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Appendix B

C-130E Instrumentation

Three one-dimensional particle spectrometers measure the sizes of hydro-
meteors encountered by the aircraft, These were huilt by Particle Measuring
Systems, Inc,, Boulder, Colorado., An axially scattering spectrometer measures
particles in the range of 1to 31 um, and two optical array spectrometers cover
the ranges 30 to 310 pm (cloud particle spectrometer) and 315 to 4287 pm (preci-
pitation spectrometer), Each probe reccrds particle counts in fifteen channels
representing approximately equal size increments within the range of sizes given
above, By considering the probe geometry and aircraft speed these counts are con-
verted into number concentrations which transform readily into a particle size dis-
tribution, An onboard display permits the operator to determine the size distribu-
tions while in flight, Data from this instrument are also recorded on a digital,
computer ~compatible magnetic tape for post-mission analysis.

The Foil Sampler, built by Meteorology Research, Inc., is a direct mechanical
replicator consisting of a thin sheet of aluminum foil that is pulled, at constant
speed, across a shuttered opening, Hydrometeors hit the foil and create imprints
which are replicas of their size and shape, The foil replicator covers the range of
sizes from 50 um to 5 mm, Particles smaller than 50 gm will not make an imprint
on the foil, Analysis of the foil is a laborious process requiring the eyes and mind
of an experienced analyst.

‘The Formvar Replicator physically captures hydrometaors on a moving film
which is coated with a fast-drying mixture of Formvar and chloroform. The drying
rate is sufficiently fast that ice particles do not melt out of shape before the Formvar
dries around them, Particles larger than 2 um can be sampled. Replication of
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ice crystals is good up to about 500 um; liquid drcplets are replicated well only to
about 50 um diam due to breakup of larger drops, Dry nitrogen is used to dry the
coating and to provide positive pressurization of the instrument. This reduces
fragmentation by reducing the particle speed at impact, The films are analyzed
after each flight by means of a photo-analyzer (stop-motion) projector, This
instrument was built by the Desert Research Institute of the University of Nevada,
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“ ; The Liquid Water Contert Indicator was built by Johnson-Williams Products,
2 Mountain View, California, Water droplets strike one of two calibrated resistance
%& r wires of a balanced bridge. As the droplets absorb heat from the wire the bridge
“3 , becomes unhalanced. The magnitude of the imbalance voltage is a measure of the
o3 LWC encountered, This instrument is designed to work in liquid clouds composed

;: of droplets from 10 to 50 ym diam, since larger droplets and solid particles have
N an unknown cooling efficiency, Therefore, this device is not useful in clouds con-
i"?k taining rain, but it does detect supercooled droplets in ice clouds,

;:; The Dewpoint/ Frostpoint Temperature Sensor is a thermistor mounted on a
%, i thermoelectrically cooled mirror that is maintained at the highest temperature at
e which dew or frost will forin, As the reflectivity of the mirror i{s reduced by the

PRI —

film of dew or frost, a monitoring photociectric circuit senses the change and
regulates the cooling unit, The output of this instrument is a voltage proportional
to the dewpoint (or frostpoint) temperature, This instrument was built by the En-
: vironmental Equipment Division of EG& G, Inc., Waltham, Massachusetts,

The Rosemont Temperature Probe is a high precision, rapid-response instru-
ment, Its output is a voltage which varies as a function of dynamic heating (true
airspeed) and density (altitude) as well as the actual temperature, The Rosemont
Temperature Probe is built by Rosemont, Inc., Minneapolis, Minnesota,

A Pressure Altimeter is used to determine the aircraft's operating altitude,
Its output is a voltage proportional to the pressure altitude,

The Snow Stick is an aluminum rod that is used to determine ice crystal habit
and size while flying through cirrus cloud or snow, At one end are four flat faces,
painted black and marked with 1-cm squares. The rod is inserted through the side
of the aircraft so that the sampling areas are 30 cm into the airstream. The opera-
tor can rotate the stick as necessary to bring each face perpendicular to the air-
stream, As snow crystals impinge on the stick the flight director can make

judgments as to the crystal size and type.
The Time Code Generator provides a digital readout of Greenwich Mean Time

{GMT) in hours, minutes, and seconds. This information is recorded on the data
’ tape recorders and also displayed at each project-crew position within the aircraft.
The 16 mm Nose Camera is a time lapse camera controlled by the flight dir-
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ector. It is used to photograph cloud conditions for later analysis,
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The PDP 8/ Computer processes digital data (PMS counts, Time) or analog
55

data (airspeed, heading, J-W LWC, altitude, temperature) in real time aboard the
aircraft. The PDP 8/I is built by the Digital Equipment Corp,, Maynard, Mass.

A Voice Tape Recorder is used by all participants in the mission,
corded information comes from the flight director, but any crewman may record

unusual observations.
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